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DETAILED ACTION 

This office action is in response to the amendment filed October 5, 2005. 



Claim Objections 

Claims 6 and 23 are objected to because of the following informalities: Claims 6 and 23 
recite the limitations of "1013" and "1016". These limitations should be changed to read "10 13 " 
and "10 16 ", respectively. 

Appropriate correction is required. 

Claim Rejections - 35 USC §103 

The text of those sections of Title 35, U.S. Code not included in this action can be found 
in a prior Office action. 

Claims 1, 2, 4-1 1, 13-19, 21-27 and 29-32 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Xie (US 5,888,885, previously cited) in view of Kato (US 5,532,184, 
previously cited) and Gerlach et al. (US 6,900,447). 

Regarding claim 1, Xie discloses forming a nucleation site including at least one surface 
or subsurface defect at a predetermined area of the substrate by implantation with ions and 
growing a quantum dot on the nucleation site (Fig. 4, 5; col. 2, In. 40 - col. 3, In. 25). Xie 
discloses implanting ions into the substrate, but does not disclose what method is used to do the 
implantation. Like Xie, Kato discloses implanting ions into a substrate at predetermined areas to 
form locations at which quantum dots are to be grown. Kato teaches that these ions can be 
successfully implanted using a focused ion beam device (col. 4, In. 54-63). Kato teaches that 
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using a focused ion beam device provides the benefits of maskless implantation and makes the 
fabrication process much easier because the quantum dots are drawn, patterned or formed 
directly by ion implantation. In addition, no etching process is required, so quantum dots can be 
fabricated precisely (Abstract). At the time of the invention, it would have been obvious to one 
of ordinary skill in the art to implants the ions of Xie using the focused ion beam device 
disclosed by Kato because Xie does not disclose any particular implantation method and Kato 
teaches that it is advantageous to form quantum dots using a focused ion beam device because it 
allows for maskless implantation. Kato does not disclose that an electronic microscope is used to 
align the ion beam on the substrate. Like Kato, Gerlach discloses a focused ion beam device. 
Gerlach teaches that during nano-fabrication it is advantageous to use an electronic microscope 
to accurately align the focused ion beam on the substrate (col. 1, In. 15-25). At the time of the 
invention, it would have been obvious to one of ordinary skill in the art to use the focused ion 
beam device taught by Gerlach to perform the ion implantation of Xie because Gerlach teaches 
that by using an electronic microscope the focused ion beam can be accurately aligned to the 
substrate. 

Regarding claims 2 and 18, Xie discloses forming the quantum dot on the nucleation site 
by strained layer epitaxy (col. 3, In. 5-45). 

Regarding claims 4 and 21, Xie, in one embodiment, discloses implanting Ge ions, but 
Xie does not limit the type of ions that can be implanted. Like Xie, Kato discloses implanting 
ions into a substrate at predetermined areas to form locations at which quantum dots are to be 
grown. Kato teaches that these ions can successfully be implanted using gallium or silicon ions 
(col. 4, In. 59-61; col. 6, In. 26-30). At the time of the invention, it would have been obvious to 
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one of ordinary skill in the art to use gallium, silicon or any other nonconductive ions big enough 
to form defects in the substrate for the implantation disclosed by Xie because Xie does not limit 
the type of ions that can be implanted and Kato teaches that a variety of ions including gallium 
and silicon can be successfully used to implant the substrate. 

Regarding claims 5, 6, 22 and 23, Xie discloses that if germanium ions are implanted, 
they are implanted at an energy of 50keV with a dosage of 10 16 ions/cm 2 (col. 4, In. 18-21). Xie 
does not disclose implanting gallium ions. As discussed above in reference to claims 4 and 21, it 
would have been obvious to one of ordinary skill in the art to use gallium ions to implant the 
substrate of Xie as taught by Kato. Kato teaches that the gallium ions can be implanted at a 
beam energy of 10-300keV, a beam current of 3-500pA, and a dosage of 10 n -10 15 ions/cm 2 (col. 
6, In. 45-47). At the time of the invention, it would have been obvious to one of ordinary skill in 
the art to use routine experimentation to determine an optimal length of exposure time of the 
implantation process of Xie, depending upon the exact beam energy, current and dosage of ions 
implanted because such variables of art recognized the importance are subject to routine 
experimentation and discovery of an optimum value for such variables as obvious. See In re 
Aller, 105 USPQ 233 (CCPA 1955). 

Regarding claims 7 and 24, Xie discloses that the nucleation site includes a spot formed 
on the substrate but does not disclose the diameter of the spot. Like Xie, Kato discloses 
implanting ions into a substrate at predetermined areas to form locations at which quantum dots 
are to be grown. Kato teaches that these ions can successfully be implanted using a beam width 
of 2-50nm wide, with a beam size corresponding to the width of the nucleation site (col. 5, In. 
12-16; col. 6, In. 45-48). At the time of the invention, it would have been obvious to one of 
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ordinary skill in the art to form the nucleation site of Xie using the beam size and, hence, the 
nucleation site diameter size, taught by Kato because Xie does not disclose any particular 
nucleation site diameter and Kato teaches that a nucleation site of 2-50nm wide can successfully 
nucleate quantum dot growth. 

Regarding claims 8 and 25, Xie discloses annealing the substrate after implantation (col. 
2, In. 49-57). 

Regarding claims 9 and 26, Xie discloses that the annealing is performed at a temperature 
in the range of 500-600°C (col. 2, In. 55-56). 

Regarding claim 10, Xie discloses that the substrate is a silicon substrate (col. 2, In. 17). 

Regarding claim 11, Xie discloses that the step of growing a quantum dot on the 
nucleation site includes growing a Ge island on the Si substrate by strained layer epitaxy (col. 3, 
In. 5-45). 

Regarding claims 13 and 29, Xie discloses encapsulating the quantum dot (col. 3, In. 26- 

45). 

Regarding claims 14 and 30, Xie discloses that the step of encapsulating the quantum dot 
includes forming an overgrowth layer over the substrate and the quantum dot (col. 3, In. 26-45). 

Regarding claims 15 and 31, Xie discloses pre-patterning the substrate to form at least 
one pre-patterned area (col. 1, In. 66 - col. 2, In. 14). 

Regarding claims 16 and 32, Xie discloses that the location of the nucleation site is 
determined based on the pre-patterned area (col. 1, In. 66 - col. 2, In. 14). 

Regarding claim 17, Xie discloses forming a nucleation site at predetermined area of a 
semiconductor device layer by implantation with ions, the nucleation site including at least one 
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surface or subsurface defect at the predetermined area, and growing a quantum dot on the 
nucleation site (Fig. 4, 5; col. 2, In. 40 - col. 3, In. 25). Xie discloses implanting ions into the 
substrate, but does not disclose what method is used to do the implantation. Like Xie, Kato 
discloses implanting ions into a substrate at predetermined areas to form locations at which 
quantum dots are to be grown. Kato teaches that these ions can be successfully implanted using 
a focused ion beam device (col. 4, In. 54-63). Kato teaches that using a focused ion beam device 
provides the benefits of maskless implantation and makes the fabrication process much easier 
because the quantum dots are drawn, patterned or formed directly by ion implantation. In 
addition, no etching process is required, so quantum dots can be fabricated precisely (Abstract). 
At the time of the invention, it would have been obvious to one of ordinary skill in the art to 
implants the ions of Xie using the focused ion beam device disclosed by Kato because Xie does 
not disclose any particular implantation method and Kato teaches that it is advantageous to form 
quantum dots using a focused ion beam device because it allows for maskless implantation. Kato 
does not disclose that an electronic microscope is used to align the ion beam on the substrate. 
Like Kato, Gerlach discloses a focused ion beam device. Gerlach teaches that during nano- 
fabrication it is advantageous to use an electronic microscope to accurately align the focused ion 
beam on the substrate (col. 1, In. 15-25). At the time of the invention, it would have been 
obvious to one of ordinary skill in the art to use the focused ion beam device taught by Gerlach 
to perform the ion implantation of Xie because Gerlach teaches that by using an electronic 
microscope the focused ion beam can be accurately aligned to the substrate. 

Regarding claim 19, Xie discloses that the semiconductor device layer is part of an 
optoelectronic device (col. 1, In. 5-16; col. 3, In. 46-65). 
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Regarding claim 27, Xie discloses that the substrate is a Si substrate and the step of 
growing a quantum dot on the nucleation site includes growing a Ge island on the Si substrate by 
strained layer epitaxy (col. 3, In. 5-45). 

Claims 12 and 28 are rejected under 35 U.S.C. 103(a) as being unpatentable over Xie (US 
5,888,885) in view of Kato (US 5,532,184) and Gerlach et al. (US 6,900,447) as applied to claim 
1 above, and further in view of Fukushima et al. (US 6,351,007, previously cited). 

Regarding claims 12 and 28, Xie discloses forming a Ge island by epitaxial growth at a 
temperature of 550°C, but Xie does not disclose the Ge precursor gas used, nor the pressure 
under which the reaction takes place (col. 4, In. 25-33). Like Xie, Fukushima discloses growing 
a Ge island by epitaxial growth. Fukushima teaches that the Ge island can be successfully grown 
by using a precursor of digermane gas at a temperature range of 550-600°C at a pressure of 10' 6 
torr (col. 6, In. 2-15; col. 6, In. 50-60; col. 10, In. 62 - col. 1 1, In. 4; col. 18, In. 17-29). At the 
time of the invention, it would have been obvious to one of ordinary skill in the art to use the Ge 
growing conditions taught by Fukushima to grow the Ge island of Xie because Fukushima 
teaches that by using this Ge growth method, a Ge quantum structure of the desired size can be 
uniformly formed with high reproducibility (col. 17, In. 49 - col. 18, In. 53). 

Response to Arguments 
Applicant's arguments with respect to claims 1, 2, 4-19 and 21-32 have been considered 
but are moot in view of the new ground(s) of rejection. 
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Conclusion 

Applicant's amendment necessitated the new ground(s) of rejection presented in this 
Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). 
Applicant is reminded of the extension of time policy as set forth in 37 CFR 1 .136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1 .136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the date of this 
final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Christy L. Novacek whose telephone number is (571) 272-1839. 
The examiner can normally be reached on Monday-Thursday and alternate Fridays 7:30 - 5:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Zandra Smith can be reached on (571) 272-2429. The fax phone number for the 
organization where this application or proceeding is assigned is (571) 273-8300. 
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Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 
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December 21, 2005 




